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AFLP 是一项新的分子标记技术，它结合了 RFLP 和 PCR 的优点，具有 RFLP
的稳定性和 PCR 的高效性，被称为“ 有力的分子标记”。本文通过 AFLP 技术
对二长棘鲷（n = 85）和竹筴鱼（n = 120）个体的分析，检测到二长棘鲷的多
态性分析结果为：多态性位点百分率PPL = 71.83%，Shannon信息指数I = 0.3768；
竹筴鱼的多态性分析结果为：多态性位点百分率 PPL = 56.52%，Shannon 信息指
数 I = 0.2733。与其它鱼类相比，二长棘鲷的遗传多样性相对处于中上水平，
竹筴鱼遗传多样性相对处于中等水平。二长棘鲷的基因分化系数 Gst 为 0.2980，
个体间平均遗传距离为 0.1366，不同站位样品间平均遗传距离为 0.1250，不同
站位样品间平均基因流 Nm 为 1.1778；竹筴鱼的基因分化系数 Gst 为 0.2712，个
体间平均遗传距离为 0.1309，不同站位样品间平均遗传距离为 0.0624，不同站
位样品间平均基因流 Nm 为 1.3436。本研究结果表明，这两种鱼类的遗传变异主
要存在于群体内的不同个体，不同站位样品间无明显的遗传分化，站位间样品存









































This paper, using AFLP as the molecular marker technique, mainly deals with 
genetic diversities in the populations of crimson seabream（Parargyrops edita）and 
Japanese horse mackerd（Trachurus japonicus）in Beibu Gulf, in order to provide 
basic information of resources for fish stocks protection and management. 
Parargyrops edita is the main fishing species of bottom trawl fishery in Beibu Gulf 
with high economic value. Trachurus japonicus has tremendous value for commercial 
exploitation and plays a significant role in the world ocean fishery. So far, the 
researches of Parargyrops edita and Trachurus japonicus are mainly focused on 
fishery, while the reports in the field of population genetics are rare and the 
information about their population genetic diversities is lacking, too.  
AFLP (Amplified Fragment Length Polymorphism) is a new molecular marker 
technique, which combines both the advantages of RFLP and PCR. It has the stability 
as RFLP and high efficiency as PCR, and is called ‘the most effective molecular 
marker technique’ and ‘molecular marker for the next generation’. 85 Parargyrops 
edita individuals and 120 Trachurus japonicus individuals were analyzed in this paper  
using AFLP markers, we got the genetic diversity results of Parargyrops edita and 
Trachurus japonicus as follows: The percent of polymorphism(PPL) are 71.83% and 
56.52%, Shannon information index(I) are 0.3768 and 0.2733, respectively. 
Compared with other fishes, we found that the genetic diversity of Parargyrops edita 
was relatively rich and Trachurus japonicus was ranked the medium level. The 
coefficients of genetic differentiation of Parargyrops edita and Trachurus japonicus 
are 0.2980 and 0.2712, gene flows are 1.1778 and 1.3436, respectively. These results 
show that the genetic differentiations are mainly happened among individuals; there is 
gene intercommunion between samples of each site, which helps avoiding genetic 
drift and genetic differentiation. 
In short, the populations of Parargyrops edita and Trachurus japonicus in Beibu 
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development of populations. Even though, we still need to protect their genetic 
resources. It is suggested that Parargyrops edita and Trachurus japonicus should be 
well protected and managed as well as reasonably utilized. 






















目  录 
V 
目 录 





2.2 揭示物种的起源与进化历史 ...................................................................2 
2.3 保护珍稀濒危物种 .................................................................................2 




2.1限制性片段长度多态性(Restriction Fragment Length Polymorphisms， RFLP)
...................................................................................................................6 
2.2 随机扩增多态性 DNA(Random Amplified Polymorphic DNA，RAPD) ......7 
2.3 扩增片段长度多态性 (Amp1ification Fragment Length Polymorphism，  
AFLP).........................................................................................................8 
2.4 微卫星标记 (包括小卫星和微卫星 Simple Sequence Repeat，SSR) ..........8 
2.5 序列标签位点（Sequence-Tagged Site，STS）........................................9 
2.6 染色体原位杂交 （in situ hybridization of chromosome） ......................10 
2.7 单核苷酸多态性(Single Nucleotide Polymorphism，SNP) .......................10 
2.8 表达序列标签（expressed sequence tag，EST） ....................................10 
2.9  DNA 序列分析 ..................................................................................10 
第三节 AFLP 分子标记在鱼类遗传多样性研究中的应用.......................................12 
1. AFLP 分子标记技术的原理及其优越性 ...............................................................12 
1.1  AFLP 分子标记技术的原理................................................................12 
1.2  AFLP 分子标记技术的优越性 ............................................................13 
2. AFLP 技术在鱼类遗传多样性中的应用 ...............................................................14 
2.1 遗传多样性分析 ..................................................................................14 
2.2 群体遗传结构和亲缘关系分析 .............................................................14 
2.3 基因的表达与调控 ..............................................................................15 













运用 AFLP 标记对北部湾二长棘鲷和竹筴鱼的遗传多样性分析 
VI 
2.5 种属分类及种质鉴定 ...........................................................................16 





第二章 材料与方法 ..............................................................................................21 
1. 材料与仪器试剂.....................................................................................................21 
1.1 样品采集 ............................................................................................21 
1.2 实验仪器 ............................................................................................21 
1.3 主要生化试剂的购置 ...........................................................................23 
1.4 主要生化试剂的配制 ...........................................................................23 
2. 实验方法.................................................................................................................25 
2.1 基因组 DNA 的提取及检测..................................................................25 
2.1.1 基因组 DNA 的提取 ..................................................................25 
2.1.2 基因组 DNA 的检测 ..................................................................25 
2.2  AFLP 分析方法 .................................................................................26 
2.2.1 限制性内切酶消化.....................................................................26 
2.2.2 接头复性...................................................................................27 
2.2.3 接头连接(冰上操作) ..................................................................27 
2.2.4 预扩增 ......................................................................................28 
2.2.5 选择扩增...................................................................................29 
2.2.6 聚丙烯酰胺凝胶电泳 .................................................................31 
2.2.7 银染显色...................................................................................32 
3. 数据统计分析方法.................................................................................................33 
3.1 谱带的记录与数据分析 .......................................................................33 
3.2 遗传参数分析 .....................................................................................33 
第三章 AFLP 分子标记结果与分析.................................................................35 
第一节 二长棘鲷群体的 AFLP 分子标记结果与分析..............................................35 
引    言......................................................................................................................35 













目  录 
VII 
2. 酶切结果.................................................................................................................36 
3. AFLP 技术实验结果 ...............................................................................................36 
3.1 遗传多样性结果...................................................................................36 
3.2 遗传分化 .............................................................................................39 
3.3 遗传距离及其 UPGMA 聚类分析 ..........................................................39 
第二节 竹筴鱼群体的 AFLP 分子标记结果与分析..................................................43 
引   言........................................................................................................................43 
1. 基因组 DNA 的抽提结果 ......................................................................................43 
2. 酶切结果.................................................................................................................44 
3. AFLP 技术实验结果 ...............................................................................................44 
3.1 遗传多样性结果...................................................................................44 
3.2 遗传分化 .............................................................................................46 
3.3 遗传距离及其 UPGMA 聚类分析 ..........................................................47 
第四章 讨论与小结 ..............................................................................................51 
1. AFLP 分子标记在二长棘鲷与竹筴鱼遗传多样性研究中的优越性 ...................51 
2. 二长棘鲷北部湾群体的遗传多样性分析.............................................................51 
2.1 二长棘鲷种质资源遗传多样性 .............................................................51 
2.2 二长棘鲷群体间遗传距离和遗传分化 ..................................................52 
3. 竹筴鱼北部湾群体的遗传多样性分析.................................................................54 
3.1 竹筴鱼种质资源遗传多样性 ................................................................54 
3.2 竹筴鱼群体间遗传距离和遗传分化 ......................................................55 
4. 二长棘鲷和竹筴鱼遗传资源的保护.....................................................................56 
5. 本实验的不足之处.................................................................................................57 















运用 AFLP 标记对北部湾二长棘鲷和竹筴鱼的遗传多样性分析 
VIII 







































CHAPTER 1 INTRODUCTION ....................................................................................1 
 Section 1 the conception and significance of genetic diversity..........1 
1. the conception of genetic diversity ............................................................................1 
2. the significance of genetic diversity ..........................................................................1 
2.1 evaluate population genetic structure..........................................................1 
2.2 reveal origination and evolution of species..................................................2 
2.3 protect dying-out species ..........................................................................2 
2.4 improve heritage and breeding ..................................................................2 
Section 2 methods applied in genetic diversity researches and the 
development of molecular marker techniques....................................................4 
1. fundamental principles and techniques of genetic diversity study ............................4 
2. the development of molecular genetic marker technique ..........................................6 
2.1 RFLP (Restriction Fragment Length Polymorphisms)...................................6 
2.2 RAPD (Random Amplified Polymorphic DNA) ..........................................7 
2.3 AFLP (Amp1ification Fragment Length Polymorphism)...............................8 
2.4 SSR (Simple Sequence Repeat) .................................................................8 
2.5 STS（Sequence-Tagged Site） .................................................................9 
2.6 In situ hybridization of chromosome ........................................................10 
2.7 SNP (Single Nucleotide Polymorphism) ...................................................10 
2.8 EST（expressed sequence tag） .............................................................10 
2.9 DNA sequence analysis ..........................................................................10 
Section 3 appliance of AFLP molecular markers in fish genetic diversity 
studies........................................................................................................................12 
1. principles and advantages of AFLP markers............................................................12 
1.1 principles of AFLP markers ....................................................................12 
1.2 advantages of AFLP markers...................................................................13 
2. appliance of AFLP molecular markers in fish genetic diversity studies..................14 
2.1 genetic diversity analysis ........................................................................14 
2.2 population genetic structure and phylogenetic relationship analysis..............14 













运用 AFLP 标记对北部湾二长棘鲷和竹筴鱼的遗传多样性分析 
X 
2.4 establish gene map.................................................................................15 
2.5 classification and inditification................................................................16 
2.6 mark and assist breeding.........................................................................17 
Section 4 Objectives and significances of this study..............................18 
1. objectives and significances of this study................................................................18 
2. project and finacial supports ....................................................................................19 
3. a prospective look ....................................................................................................20 
CHAPTER 2 MATERIALS AND METHODS .............................................................21 
1. materials, instrument and reagents...........................................................................21 
1.1 samples ................................................................................................21 
1.2 instruments ...........................................................................................21 
1.3 major biochemical reagents and sources of supply .....................................23 
1.4 major biochemical reagents and their confections ......................................23 
2. methods ....................................................................................................................25 
2.1 genomic DNA extraction and detection methods........................................25 
2.1.1 extraction method for genomic DNA..............................................25 
2.1.2 detection method for genomic DNA ...............................................25 
2.2 AFLP analysis methods ..........................................................................26 
2.2.1 restriction digest ..........................................................................26 
2.2.2 adapter renaturation......................................................................27 
2.2.3 adapter linkage ............................................................................27 
2.2.4 pre-amplification .........................................................................28 
2.2.5 selective amplification..................................................................29 
2.2.6 PAGE electrophoresis...................................................................31 
2.2.7 silver staining..............................................................................32 
3. statistic methods.......................................................................................................33 
3.1 bands and data analysis ..........................................................................33 
3.2 genetic parameters analysis.....................................................................33 
CHAPTER 3 RESULTS AND GENETIC ANALYSIS BY AFLP MARKERS........35 

















1. results of genomic DNA extraction..........................................................................35 
2. results of restriction digest .......................................................................................36 
3. results of AFLP ........................................................................................................36 
3.1 genetic diversity results ..........................................................................36 
3.2 genetic differentiation ............................................................................39 
3.3 genetic distance and UPGMA cluster analysis ...........................................39 
 Section 2 results and genetic analysis of Trachurus japonicus by AFLP 
markers........................................................................................................................43 
introduction..................................................................................................................43 
1. results of genomic DNA extraction..........................................................................43 
2. results of restriction digest .......................................................................................44 
3. results of AFLP ........................................................................................................44 
3.1 genetic diversity results ..........................................................................44 
3.2 genetic differentiation ............................................................................46 
3.3 genetic distance and UPGMA cluster analysis ...........................................47 
CHAPTER 4 DISCUSSION AND CONCLUSIONS..................................................51 
1. advantages of AFLP markers used in this research..................................................51 
2. genetic analysis of Parargyrops edita in Beibu Gulf...............................................51 
2.1 genetic diversity of Parargyrops edita ......................................................51 
2.2 genetic differentiation and genetic distance between Parargyrops edita samples
.................................................................................................................52 
3. genetic analysis of Trachurus japonicus in Beibu Gulf...........................................54 
3.1 enetic diversity of Trachurus japonicus in Beibu Gulf ................................54 
3.2 genetic differentiation and genetic distance between Trachurus japonicus 
samples .....................................................................................................55 
4. protections for Parargyrops edita and Trachurus japonicus ...................................56 














运用 AFLP 标记对北部湾二长棘鲷和竹筴鱼的遗传多样性分析 
XII 
REFERENCE.................................................................................................................61 
RESEARCH PROJECTS INVOLVED AND ACHIEVEMENTS OBTAINED IN THE 





























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
